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Abstract
In  this  work  an  approach  has  been  developed  to investigate the  influence  of  surface  roughness  on 
thermohydrodynamic performance in aligned and misaligned journal bearings by considering an average flow model 
and deriving the shear flow factor for various roughness configurations, similar to the pressure flow factor. An average 
Reynolds equation for rough surfaces is defined in term of pressure and shear flow factors, which can be obtained by 
numerical  flow  simulation,  though  the  use  of  measured  or  numerically  generated  rough  surfaces.  Reynolds, heat 
conduction and energy equations are solved simultaneously by using a suitable numerical technique (Finite Difference 
Method) to obtain the pressure and temperature distribution through the oil film thickness of the journal bearing. These 
equations  are  obtained  for  isotropic  surfaces  and  for  surfaces  with  directional  patterns.  The  flow  factors  for  these 
surfaces are expressed as empirical relations in term of normalized oil film thickness (h/σ) and surface characteristic (γ) 
defined as the ratio of  x and z correlation lengths . The  results of this approach  showed increase in load carrying 
capacity and maximum pressure and decrease in maximum temperature in the case of stationary surface  roughness 
(rough bearing and smooth journal) with transverse pattern. The results obtained through this work have been compared 
with that published by other works and found to be in a good agreement. 
Keywords: Thermohydrodynamic performance, surface roughness, misalignment, journal bearing
1. Introduction 
The  study  of  surface  roughness  effects  in 
micro  machine  design  has  intensively  been  the 
subject of investigations in recent years. Over the 
past  several  years, the  incorporation  of  many 
physical  effects  into  the  analysis  of  fluid-film 
bearings  has  provided  much  more  realistic 
performance  data.  In  particular  ,  the  familiar 
assumptions  of  a  smooth  surface  ,  isothermal
operating condition , aligned journal bearing and 
Newtonian behavior of the lubricant can no longer 
be  employed  to  accurately  predict  the 
performance of fluid-film bearing system, as in [1,
2, 3, 4, 5] to study a thermohydrodynamic (THD)
performance  in  aligned  journal  bearings. Oscar 
Pinkus [6] and Safar [7] studied the analysis of 
misaligned grooved  journal  bearings and  energy 
loss from misalignment state.  Buckholz [8] and 
Jiin-Yah  Jang  [9]  investigated  the  effect  of 
misalignment  on  load  for  thermal  and  adiabatic 
condition  by  using  non-Newtonian  lubricant. 
Moreover, to improve the performance of journal 
bearings,  a  surface finish  that  can  enhance the 
performance under their geometric and operating 
conditions  has  to  be  sought.  Hence  studies  that 
deal with the influence of  surface  roughness on 
performance of journal bearing systems are more 
appropriate. 
In  recent  years,  a  considerable  amount  of   
research activities have been devoted to the study 
of surface roughness effects on the performance 
of  hydrodynamic  journal  bearing  systems.  The 
influence of  surface  roughness in  most of  these 
studies has been included using either stochastic 
model (limited to two specific types of roughness 
structures; one dimensional ridges oriented either 
transversely  or  longitudinally  )  or  average  flow 
model  proposed  by  Nadir  Patir  and  H.S.Cheng 
[10, 11]  .Zhang  et.al  [12] presented  a  transient  
(THD)  analysis  of  mixed  lubrication. The
Reynolds  equation  has  been  modified  for  one-
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dimensional transverse , isotropic and longitudinal 
roughness patterns , and then extended this work 
for the case of a non-Newtonian lubricant obeying 
power  law model  for  dynamic  load  .  These 
studies  have  been  limited  to  the  effect  of  one-
dimensional  surface  roughness  on  the 
performance  of  hydrodynamic  journal  bearings. 
The  limiting  cases  of  roughness  found  in  real 
engineering  surfaces and  hence,  many 
investigators used the modified form of Patir and 
Cheng  average flow  model  to  include  the 
combined  influence  of  more  realistic  three-
dimensional (3D) surface roughness and thermal 
behavior  of  lubricant  on  the  performance  of
hydrodynamic  journal  bearings. Nagaraju  et.al 
[13]  investigated  the  influence  of  surface 
roughness  on  Newtonian and  non-Newtonian 
lubricant in hybrid journal bearing by solving the 
average Reynolds equation, heat  conduction and 
energy equations simultaneously using numerical 
method and  showed  the  thermal  effect  for  each 
moving  and  stationary  surface  roughness.  Kim 
and  Kim  [14]  showed  the  effect  of  surface 
roughness on THD analysis with  film  condition 
and  predicting  the  bearing  parameters  such  as 
pressure  and  temperature  distribution  in 
lubricating  films  between  the  stationary  and 
moving surfaces. Fanghui Shi et.al [15] studied a 
mixed  – TEHD  model  for  journal  bearing 
conformal contacts by using a thermal process for 
temperature  analysis  and  a  thermal  –elastic 
process  for  deformation  calculations.  Ramish
et.al. [16] studied the  THD  analysis  of 
submerged  oil  journal  bearings  considering 
surface roughness effect. A parametric study 
of steady state behavior has been carried out 
.A  numerical  study  deals  with the 
improvement  of  the  THD  performance  of  a 
100mm plain journal  bearing subjected to a 
constant  misalignment  torque  under  steady 
state conditions found by Bouyer and Fillon 
[17].  Thermohydrodynamic  analysis  of 
surface roughness in the flow field has been 
carried out by Joon and Joo [18]. The pressure 
and temperature distribution in the lubricating 
film of a lemon-bore journal bearing has been 
studied by Ron et.al. [19]. In the present work , 
application of mathematical model (average flow 
model)  and  a  general  solution  scheme  are 
presented  to  include  the combined effect  of 
surface  roughness  and misalignment  of  journal 
axes  on  the  performance  of  the  journal  bearing 
lubricated with Newtonian  lubricant. The average 
Reynolds  equation,  heat  conduction  and  energy 
equations are  simultaneously  solved through  a 
suitable  numerical  technique for  transverse,
isotropic  and  longitudinal  surface  patterns 
orientation.
2. Governing  Equations  and  Bearing 
Geometry 
A  schematic  diagram  for  the  journal  bearing
used  in  the  present  analysis  with  the  suitable 
coordinates has been shown in Fig (1). It can be 
shown  in  this  figure  the  effect  of  surface 
roughness of both journal bearing surfaces on the 
oil  film  thickness.  The  following  equations  are 
used to solve the problem of the present work.
a. Coordinate System
b. Bearing Misalignment
c. Film Thickness Function
Fig.1.  Geometrical  Configuration  of  Rough 
Misaligned Journal Bearing.
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3. Average Reynolds Equation
For  the  laminar  flow  of  an  incompressible,
Newtonian lubricant and for thermal condition in 
the clearance  space  between  rough  surfaces  of 
journal  and  bearing, the  modified  average 
Reynolds equation for misaligned journal bearing 
in non-dimensional form can be written as in [13, 
15, 20]:
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The empirical  relations  of  pressure  flow  factors 
( y x   , ) are expressed as in Patir and Cheng [11] 
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where C and r are the constants that can be found 
in table (1) or as expressed in [10]. And γ is the 
surface pattern parameter.
The shear flow factor ( s  ) in journal bearing 
system is expressed as [11]
  s s Vrj    1 2                           …(3a)                                       
Фs is a positive function of  h/σ and the surface 
pattern parameter of a given surface.
     
2
3 2 1
1
h h
s e h
       
  
   for      5  h                                                               
  h
s e
    
25 . 0
2                for      h  > 5
…(3b)
B1, B2,  α1, α2 and  α3 are  constants  and  can be 
obtained from Patir and Cheng [11] or table (2).
Table 1,
Coefficients of Pressure Flow Factors 
Γ C r Range
1/6 1.38 0.42 H>1
1 0.9 0.56 H>0.5
6 0.52 1.5 H>0.5
Table 2,
Coefficients of Shear Flow Factors
Γ B1 α1 α2 α3 B2
1/6 1.962 1.08 0.77 0.03 1.754
1 1.899 0.98 0.92 0.05 1.126
6 1.290 0.62 1.09 0.08 0.388
4. Oil Film Thickness 
The local oil film thickness hT is defined as
2 1      h hT                         …(4)
where  (h)    is  the  nominal oil film  thickness 
(compliance) defined as the distance between the 
mean levels of the two surfaces . δ1 and δ2 are the 
random roughness amplitudes of the two surfaces 
measured from their mean levels . δ1 and δ2 are
assumed  to  have  a  Gaussian  distribution  of 
heights with zero mean and standard deviations σ1
and  σ2  respectively  .  The  combined  roughness 
δ=δ1+δ2 has a variance
2
2
2
1      .
The  ratio  h/σ  is  an  important  parameter 
showing the effect of surface roughness. For h/σ > 
3, fully  lubrication  occur  in  journal  bearing 
system,  the  roughness  become  important  as 
h/σ→3. As h/σ decrease under 3 asperities start 
interacting with each other and contact form. 
The  directional  properties  of  roughness  are 
described  by  a  surface  pattern  parameter  γ, It 
defined as the ratio of x and y correlation lengths:
z
x
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γ can be interpreted as the length to width ratio a 
representative  asperity  ,  purely  transverse  , 
isotropic  and  purely  longitudinal  roughness
structures correspond to γ = 0,1,∞, respectively .
For the journal  bearing system having Gaussian 
distribution of surface heights the expression for 
average  fluid  – film  thickness  ( T h )  in  fully 
lubricated  ( 3  h )  and  partially  lubricated 
( h  <3) regions in misaligned journal bearings is 
expressed as below.
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Where  h is the nominal fluid-film thickness (the 
fluid-film  thickness  of  smooth  journal  bearing 
system) and is introduced as:
● In alignment journal bearing system
  cos 1  h                                  …(7a)
● In misalignment journal bearing system
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Where γ1 , γ2 are the tilting angles in vertical and 
horizontal direction of bearing as in [8, 9]
5. Heat-Conduction Equation
The temperature distribution through the sold 
bush  can  be  evaluated  by  solving  the  heat-
conduction  equation.  The  steady  state  heat-
conduction equation with no heat source in non-
dimensional form can be written as [2]:
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6. Energy Equation
When the misaligned journal bearing operated 
in a fully lubricated condition, the heat generated 
due to asperity contact can be neglected and only 
the  heat  generated  due  to  viscous  shear  of  the 
lubricant is considered. The non-dimensional form 
of energy equation with the assumption that the 
lubricant  density  and  thermal  conductivity 
remains constant is shown in [2, 6]:
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7. Fluid-Film Velocity Components 
The  flow  of  lubricant  between  two  rough 
surfaces  can  be  modeled  by  an  equivalent  flow 
model. The equivalent flow model is defined as 
two  smooth  surfaces  separated  by  a  clearance 
equal  to  the  average  gap  ( T h ).  Based  on  the 
equivalence of flow though the average fluid-film 
thickness  and  though  the  local  fluid-film 
thickness, a group  of  new pressure flow  factors 
( Y X     , )  and  a  shear  flow  factor  ( S  )  can  be 
evaluated as follows:
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The  velocity  components  in  circumferential 
and axial  direction in non-dimensional  form are
expressed as [13]:
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where  w u, are  the  velocity  components  in 
circumferential and axial directions respectively. 
The fluid-film velocity component across the 
fluid-film is obtained from the continuity equation 
and is expressed in non-dimensional form as:
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8. Viscosity Equation
The viscosity of the lubricant was assumed to 
be  variable  across  the  film  and  a  round  the 
circumference. The variation of viscosity with the 
temperature is given by the following equation as 
described by [2]:
2
2 1 T k T k ko                               …(14)                           
Where  1 ,k ko and  2 k are  constant  given  in  table 
(3) or as expressed in [2,4,5]
Table 3,
Geometric  and  Operation  Parameters  of  the 
Bearing 
Bearing Length L = 0.08 m
External bearing radius Rbout = 0.1 m
Journal radius R = 0.05 m 
Radial clearance  C = 0.000152 m
Eccentricity ratio ε = 0.62
Surface roughness parameter Λ = 10 
Surface pattern parameter for 
transverse, isotropic and 
longitudinal roughness pattern 
γ = 1/6 , 1 , 6 
respectively
Inlet lubricant temperature  Tin = 40 C
°
Ambient temperature Ta = 40 C
°
Inlet pressure  Pin = 70000 pa
Rotation speed S = 2000 rpm
Lubricant density ρ = 860 Kg/m
3
Lubricant specific heat Co = 2000 J/Kg.C
Bush convection heat transfer hc = 80 W/m
2.C 
Bush thermal conductivity  Kb = 250 W/m .C
Lubricant thermal conductivity Koil = 0.13 W/m . C
Tilt angles in vertical and 
horizontal direction
γ1.  γ2 = 0.0002, 
0.00005 rad
Viscosity coefficient 
  2 1, , k k ko
3.287, 3.064, 0.777 
respectively 
**(The symbols (Gm) and (S) in all figures below refer 
to surface roughness pattern γ and rotational speed of 
journal  U respectively ) .
9. Boundary Conditions
To  analyze the  thermohydrodynamic 
performance  in  rough  and  misaligned journal 
bearing  system, the  following  boundary 
conditions can be used.
● Lubricant flow field 
1. At  the  journal  bearing edges    0  Z and 
1  Z   →  0 . 0   atm p p
2. At the Cavitations zone   0 . 0 



p
  and
0 . 0  p (Reynolds boundary 
conditions)
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● Thermal field
1. The temperature across the oil film in the 
grove  zone  known as  mixed  temperature 
(Tmix) is assumed to be constant and can be 
estimated as described by [2, 16]:
in rec
in in r rec
mix Q Q
T Q T Q
T


                  …(15a)                         
Where
 r T recirculation temperature 
 in T inlet oil temperature 
 in Q supply oil flow rate m
3/sec
 rec Q recirculation  flow  rate  (m
3/sec)  and  is 
expressed as follow :
y d h u LUc Q T rec  
1
0
                    …(15b)
2. The  heat  flux  continuity  on  the  surface 
between the bush and the oil film interface 
which  yields to  the  following  boundary 
condition as described  by [2, 13]: 
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Where     
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b
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r
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3. The boundary condition which  referred to 
the heat loses by free convection [2]:
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10. Solution Procedure
Thermohydrodynamic  analysis  of  a  rough 
misaligned journal  bearing  system  required  the 
simultaneous solution of governing equations with 
appropriate boundary conditions described above. 
These equations are  numerically  solved  using  a
finite difference method, with appropriate iterative 
scheme. The solution procedure is as follows:
1. Input  the  operatng conditions,  characteristic 
properties,  initial  pressure and temperature 
distributions of oil film. Compute initial value 
of attitude angle ( ) as:

 

2
1 1
4
tan


                           …(17)
Compute the nominal, average film thickness 
and  pressure, shear  flow  factors  from 
equations (2, 3, 6, 7).
2. Evaluate  the  viscosity  distribution  and  the 
values of (A1, A2, A3, A4)
3. New pressure distribution can be obtained by 
an  iterative  scheme  with  successive  under 
relaxation  method  which  was employed  to 
solve  the  average  Reynolds  equation  .The
iterations stops if convergence  criterion
(error) reaches   (10
-4). New value of attitude 
angle ( ) is calculated as follows:
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r W
Wt 1 tan                                     …(18)
Where  r W and  t W are  the radial  and  the 
tangential components of the load which can 
be expressed as:
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2
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The old and new attitude angle are compared.
If the difference between angles is less than 
one degree then calculate velocity component
using Eqs (11, 12, 13).
4. Calculate the mixing  temperature  from 
equation  (15)  and  leakage  flow  rate  as 
follows:
  


2
0
1
0 1 d y d h w RUc Q T             … (19)
5. The  heat  transfer  equation  (8)  and  energy 
equation (9) with the boundary conditions are 
solved  simultaneously. A direct  iterative 
procedure  with  successive  under  relaxation 
has been adopted to get the temperature field 
through  the  oil  film.  The  new  oil-film 
temperature  is  used  to  compute  a  new 
viscosity  field  in  step (2) which  is 
subsequently  used  to  solve  the  average 
Reynolds equation and simultaneous solutions 
for the equations are obtained iteratively until 
the converging criteria of the temperature for 
all  points  on  the  boundary  between  the  oil 
film and the inner bush face is less than (10
-6).
A computer program written in Fortran-90 has 
This page was created using Nitro PDF trial software.
To purchase, go to http://www.nitropdf.com/Basim Ajeel Abass                        Al-Khwarizmi Engineering Journal, Vol. 6, No. 3, PP 61 - 76 (2010)
٦٧
been  prepared  to  solve  the  governing 
equations  of  the  problem.  An  average 
execution time of five minutes has been found 
suitable to execute the program. Figure (A-1) 
shows the program flow chart.
11. Results and Discussion
The  results  obtained  through  this  work have 
been  computed for  the  geometric and  operating 
parameters of the bearing presented in table (3).
The  results  obtained  in  the  present  work for 
smooth aligned journal bearing are compared to 
the experimental results obtained by J.Ferron et al
[2] as shown in figures 2,  3, 4, 5 and 6 , The 
maximum  error for  load  carrying  capacity  is 
3.5%,  for  maximum  pressure  5%  and  for 
maximum temperature 3% . It seems from these 
figures that the results are in a good agreement. 
The  above  comparison represents a  good 
verification to the computer program prepared to 
solve the problem of this work.
Fig.2. Temperature  Distribution  with 
Circumferential  Location  in  Aligned  Smooth 
Journal Bearing.
Fig.3.  Pressure  Distribution  vs.  Circumferential 
Location in Aligned Smooth Journal Bearing.
Fig.4.  Load  with  Eccentricity  Ratio  in  Aligned 
Smooth Journal Bearing.
Fig.5. Maximum Pressure vs. Eccentricity Ratio in 
Aligned Smooth Journal Bearing.
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Fig.6.  Maximum  Temperature  vs.  Eccentricity 
Ratio in Aligned Smooth Journal Bearing.
Figures  (7, 8)  show  the  influence  of  surface 
roughness  orientation  γ  and  surface  roughness 
characteristics of opposing surfaces (ie. variance 
ratio  Vrj)  on  fluid-film  temperature  distribution 
(T) along the circumferential direction at an axial 
midplane  ( 5 . 0   )  and  across  the  midfilm 
( 5 . 0  y )  in  misaligned  journal  bearing.  The 
moving  roughness  (rough  journal  and  smooth 
bearing  Vrj=1.0)  provides  increasing  in 
circumferential fluid-film temperature distribution 
as  compared to  that  obtained in  smooth  journal 
bearing, This  is because the moving    roughness 
have positive shear flow factor  s  which increases 
the  fluid-film  velocity  in  the  circumferential 
direction  and  consequently  the  viscous  shear  of 
lubricant  ,  hence  the  fluid-film  temperature 
increased  .  On  the  other  hand  the  stationary 
roughness  (rough  bearing  and  smooth  journal
Vrj=0.0) reduces  the  fluid-film  velocity  in  the 
circumferential  direction  (since  s  is  negative) 
causes  a reduced  fluid-film  temperature.  The 
transverse  roughness  pattern  (γ=1/6) having  a 
larger  value  of  shear  flow  factor  ,  provides 
maximum reduction and maximum increasing in 
the  values  of  circumferential  fluid-film 
temperature distribution in stationary and moving 
roughness cases respectively .
Fig.7. Temperature Distribution vs. Circumferential 
Location  for  Moving  Roughness  in  Misalignment 
Journal Bearing.
Fig.8. Temperature Distribution vs. Circumferential
Location for Stationary Roughness in Misalignment 
Journal Bearing.
The  influence  of  surface  roughness  on 
circumferential  fluid-film pressure distribution at 
an  axial  midplane  ( 5 . 0   )  in  misaligned 
journal  bearing  with  stationary  and  moving 
surface roughness can be shown in figure (9), It 
can be deduced from this figure that the stationary 
roughness (Vrj=0.0) and transverse pattern (γ=1/6) 
combination  increase the  pressure    as compared 
with smooth bearing.
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Fig.9.  Pressure  Distribution  vs.  Circumferential 
Location for Moving and Stationary Roughness in 
Misalignment Journal Bearing.
Figures  (10, 11)  show  the  effect  of  surface 
roughness on load carrying capacity with increase 
eccentricity  ratio  in  aligned  and  misaligned 
journal  bearing  for moving  and  stationary 
roughness.  In  case  of  the  moving  surface 
roughness in misaligned bearing the load carrying 
capacity  increases with  eccentricity  ratio  (in 
transverse and isotropic surface pattern). It is also 
clear  that  the  load  carrying  capacity  for  the 
bearing  with  transverse  and  isotropic  surface 
roughness  is  less  than  that  in  smooth  journal 
bearing. This is because the shear flow factor in 
moving  roughness  is  positive  and  this  causes  a
decreased pressure  and  then the load of  the
bearing. In longitudinal pattern the increase with
the eccentricity ratio is more than that in smooth 
bearing.  In case  of  the  stationary  roughness  the 
increase of the load with eccentricity ratio is more 
than  that  in  smooth  bearing  this is because  the 
negative shear flow factor. It can also be shown 
from  these  figures  that  the  increase in  load 
carrying  capacity  with the    eccentricity  ratio  in 
case  of moving  and  stationary  roughness  in 
aligned journal bearing is always higher than that 
obtained from misaligned journal bearing.
Fig.10.  Load  vs.  Eccentricity  Ratio  for  Moving 
Roughness in Alignment and Misalignment Journal 
Bearing.
Fig.11. Load  vs.  Eccentricity  Ratio  for  Stationary 
Roughness in Alignment and Misalignment Journal 
Bearing.
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Fig.12.  Maximum  Pressure  vs. Eccentricity  Ratio 
for Moving  Roughness  in Alignment  and
Misalignment Journal Bearing.
Fig.13.  Maximum  Pressure  vs. Eccentricity  Ratio 
for Stationary  Roughness  in Alignment  and
Misalignment Journal Bearing.
Figures (12, 13) show an increase of maximum 
pressure  value  with  respect  to  eccentricity  ratio 
under the effect of moving and stationary surface 
roughness  for  aligned  and  misaligned journal 
bearing . The increase of maximum pressure with
the eccentricity ratio is less than that in smooth 
journal bearing for the moving roughness except 
of  the  longitudinal  pattern  (γ=6).  It  can  also 
deduced  from  figure  (13)  that  the  maximum 
pressure of the oil is always higher for stationary 
surface roughness (Vrj = 0.0). This is attributed to 
the negative shear flow factor in this case, which 
causes higher viscosity and hence higher pressure.
These  figures  also  show  that  the  maximum 
pressure decreases when the misalignment of the 
journal center has been considered. The decrease 
in  maximum  pressure  has  been  calculated  and 
found  to  be  48%  for  the  bearing  with  moving 
roughness while it becomes 31% for the bearing 
with stationary roughness.
The maximum  oil film  temperature  increases 
with  increasing  eccentricity  ratio  as  shown  in 
figures  (14,  15).  It  is  clear  that  the  maximum 
temperature  becomes higher  when  the  moving 
surface  roughness  is  considered.  It  can  also  be 
deduced  from  these  figures  that  the  maximum 
temperature for stationary roughness is lower than 
that  obtained  from  smooth  journal  bearing.  In 
alignment state the maximum temperature value is 
higher than that in misalignment bearing. This is 
due to the effect of  reduction in pressure field.
Figures  (16,  17)  show  the  effect  of  surface 
roughness  on  attitude  angle  in  aligned  and 
misaligned  journal  bearing.  The  attitude angle 
decreases with  the increase of  eccentricity ratio.
The reduction of attitude angle with eccentricity 
ratio is less than that in smooth journal bearing for 
the case of moving surface roughness. This can be 
attributed  to  the  reduction  of  the  load  in this 
case.  In  stationary  roughness  this  reduction 
become more than that in smooth bearing because 
of the increasing in load.
Figures  (18,  19)  show  that  the  side  leakage 
flow rate increases with the eccentricity ratio for 
smooth,  moving and  stationary  roughness  in 
alignment and misalignment cases. Fig (18) shows 
that  the  oil  side  leakage  flow  rate  is  decreased 
when  the  moving  surface  roughness  effect  is 
considered. This is attributed to the positive shear 
flow  factor s  which  increased  the  mean 
recirculation  flow  rate.  The  mean  recirculation 
flow rate is decreased and side leakage flow rate 
increased in the case of the bearing with stationary 
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roughness as shown in fig (19), which is attributed 
to the negative shear flow factor  s  in this case.
Fig.14.  Maximum  Temperature  vs. Eccentricity 
Ratio  for Moving  Roughness  in Alignment  and
Misalignment Journal Bearing.
Fig.15. Maximum Temperature vs. Eccentricity Ratio 
for Stationary  Roughness  in Alignment  and
Misalignment Journal Bearing.
Fig.16.  Attitude  Angle  vs. Eccentricity  Ratio for
Moving Roughness in Alignment and Misalignment 
Journal Bearing.
Fig.17.  Attitude  Angle  vs. Eccentricity  Ratio  for
Stationary  Roughness  in Alignment  and
Misalignment Journal Bearing.
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Fig.18.  Side  Leakage  Flow  Rate  vs. Eccentricity 
Ratio  for Moving  Roughness  in Alignment  and
Misalignment.
Fig.19.  Side  Leakage  Flow  Rate  with Eccentricity 
Ratio for Stationary  Roughness  in Alignment  and
Misalignment.
12. Conclusions
The  results  presented  in  this  study  lead  to  the 
following conclusions:
1. The  surface  roughness  characteristics  of 
opposing  surfaces  (i.e..,  variance  ratio,  Vrj) 
and  roughness  orientation  (γ)  play  an 
important role in reducing or increasing fluid-
film  temperature.  The  stationary  roughness 
with a transverse roughness pattern provides 
maximum reduction in fluid-film temperature.
2. Misalignment  with surface  roughness  in 
journal bearing leads to decrease each of load,
pressure  and  temperature  as  compared  with 
the aligned journal bearing.
3. The  loss  in  load-carrying  capacity  due  to 
thermal effects can be partially retrieved from 
a suitable surface roughness combination. The 
stationary roughness (i.e., rough bearing and 
smooth  journal)  and  transverse  roughness 
pattern (γ=1/6) is suitable   
Nomenclature
c =  radial clearance (m)
Co =  specific heat of lubricant J/Kg. ºC
D =  diameter of journal bearing (m)
 G F, non-dimensional  integration 
functions of viscosity
h =  nominal film thickness (m)
 h non-dimensional  nominal  film 
thickness,  c h h 
hT =  local  film  thickness  in  rough 
surfaces (m)
 T h average  film  thickness  in  rough 
surfaces
 conv h convection heat  transfer coefficient 
W/m
2. ºC
 2 , 1 , 0 k viscosity coefficients
Koil =  thermal  conductivity  of    the  
lubricant  W/m. ºC
Kb=  thermal  conductivity  of  the  bush 
W/m. ºC
L =  journal bearing length (m)
 p non-dimensional pressure :
2 c UR
p
p
in 

 rec Q recirculation flow m
3/sec
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 in Q inlet  flow  in  the  bearing  groove 
m
3/sec
 1 Q side leakage flow rate m
3/sec
R =  Radius of Journal (m)
 T non-dimensional  fluid  – film 
temperature
in T =   inlet  fluid  temperature  in  the 
bearing groove ºC
Tmix =  mixed temperature in a groove
 a T non-dimensional  ambient 
temperature ºC
U =  journal rotational speed (rpm) or (S 
in all figures)
 w v u , , non-dimensional components of the 
fluid  velocity  in  the  x,  y  and  z 
direction,  , U u u  cU vR v  ,  
U w w 
Vrj , Vrb =  variance  ratio  of  journal  and 
bearing, ((σ1, σ2)/σ)
2
 W non-dimensional  applied  load  : 
 
2 c R UL
W
W
in 

x, y, z =  coordinate  in  circumferential  , 
across  film  and  axial  direction 
respectively  and  in  dimensional 
form
 z y, ,  non-dimensional  coordinates, 
L z Z h y y R x    , , 
δ1, δ2 =  random roughness amplitudes (m)
σ1, σ2 =  standard deviations
λ0.5x ,λ0.5z=  auto correlation lengths in x and z 
direction respectively
 y x   , pressure flow factors
 s  shear flow factor
Λ =  surface  roughness  parameter, 
 c  

 
2 1 ,  two  independent  misalignment 
parameters
 2 1,  tilt angles
  non-dimensional lubricant viscosity
ρ =  lubricant density (Kg/m
3)
 in  inlet  fluid  viscosity in  the  bearing 
groove pa.s
  attitude angle
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Appendix   ( A )
Program Flowchart
  
Calculate new pressure distribution  ) , 1 , ( k i P for the oil 
film matrix using the solution of equation (1)
Start
Input data
j b oil
conv o in o in
a in bout bin
Vr K K
h C P k k k
T T N c L r r R
, , , , , , ,
, , , , , ,
, , , , , , , ,
2 1
2 1
   
 

Generate mesh
Calculate  from equation (17)
Calculate  the  nominal,  average  film 
thickness and pressure, shear flow factors 
in  all  grid  points  in  the    Z ,  plane 
from equations (2, 3, 6 and 7)
Assume the pressure and  temperature
in  the oil  film  and temperature  of
bearing bush grid points
Calculate the viscosity field    j i,  and the values 
of   G F , in the  ) , ( y  plane from equation (14)
If
error < 10
-4
Using under 
relaxation 
technique 
Calculate  the  components  of  the  load 
carrying  capacity  ) , ( t r W W and  then 
new attitude angle  from equation (18)
No
Yes
1
2
If  1
1
 
 n n
 
Calculate  mix rec T Q Q , , 1 from
equations (15) and (19)
Calculate  temperature  distribution  ) , ( j i T for  the  oil 
film  matrix  by  solving  equation  (9)  simultaneously 
with equation (8) to get  ) , ( j i b T for bush
If
error < 10
-6
Calculate  bearing  performance  parameters  (total 
load,  maximum  pressure,  maximum  temperature,
attitude angle and side flow rate)  and then convert 
these values to the dimensional form
Write 
max max 1 ) , 1 , ( ) , ( , , , , , , T P Q W P T k i j i 
End
Yes
No
1
2
No
1
Calculate        from  equations
(11),(12) and (13)
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روﺎﺤﻤﻟا ﺔﻓﺮﺤﻨﻣ ﺔﯾﺪﻌﻘﻤﻟا ﺪﻧﺎﺴﻤﻠﻟ يراﺮﺤﻟا ءادﻻا ﻰﻠﻋ ﺢﻄﺴﻟا ﺔﻧﻮﺸﺧ ﺮﯿﺛﺄﺗ   
  
ﺪﻤﺤﻣ ﻰﻔﻄﺼﻣ                سﺎﺒﻋ ﻞﯿﺠﻋ ﻢﺳﺎﺑ   ﻢﻇﺎﻛ   
ﻗ ﻚﯿﻧﺎﻜﯿﻤﻟا ﺔﺳﺪﻨھ ﻢﺴ  / ﺔﺳﺪﻨﮭﻟا ﺔﯿﻠﻛ  / ﻞﺑﺎﺑ ﺔﻌﻣﺎﺟ
  
  
  
ﺔﺻﻼﺨﻟا   
    ﺬھ ﻲﻓ ﻢﺗ ادﻻا ﻰﻠﻋ رﻮﺤﻤﻟا ﺔﻓﺮﺤﻨﻣ ﺔﯾﺪﻌﻘﻤﻟا ﺪﻧﺎﺴﻤﻠﻟ ﺢﻄﺴﻟا ﺔﻧﻮﺸﺧ ﺮﯿﺛﺄﺗ ﺔﺳارﺪﻟ ﺔﻘﯾﺮﻃ دﺎﻤﺘﻋا ﺚﺤﺒﻟا ا         ذﻮ  ﻤﻧ ﺬ  ﺧﺄﺑ ﻚ  ﻟدو ﺪﻧﺎ  ﺴﻤﻟا ﻚﻠﺘﻟ يراﺮﺤﻟا ء    لﺪ  ﻌﻣ ج
تﺎﯿﻌﺿﻮﻟ ﺔﯿﺼﻘﻟا نﺎﯾﺮﺠﻟا تﻻدﺎﻌﻣ قﺎﻘﺘﺷاو رﺎﺒﺘﻋﻻا ﺮﻈﻨﺑ نﺎﯾﺮﺠﻟا                   ﺔﯿﻄﻐ  ﻀﻟا نﺎ  ﯾﺮﺠﻟا تﻼﻣﺎ  ﻌﻤﻟ ﻞ  ﺛﺎﻤﻣ ﻞﻜ  ﺸﺑو ﺢﻄ  ﺴﻟا ﺔﻧﻮ  ﺸﺨﻟ ﺔ  ﻔﻠﺘﺨﻣ  .        ﺔ  ﻟدﺎﻌﻣ دﺎ  ﻤﺘﻋا ﻢ  ﺗ
ﻲﺘﻟاو ﺔﯿﻄﻐﻀﻟاو ﺔﯿﺼﻘﻟا نﺎﯾﺮﺠﻟا تﻼﻣﺎﻌﻣ ﻦﻤﻀﺘﺗ ﻲﺘﻟا زﺪﻟﻮﻨﯾر   ﺬﻤﻨﻟا ﻖﯾﺮﻃ ﻦﻋ ﺎﮭﯿﻠﻋ لﻮﺼﺤﻟا ﻦﻜﻤﯾ ا ﺔﺟ         ذ حﻮﻄ  ﺴﻟا ماﺪﺨﺘ  ﺳاو نﺎ  ﯾﺮﺠﻠﻟ ﺔ  ﯾدﺪﻌﻟ    ﺔﻧﻮ  ﺸﺨﻟا تا
        ﺎﯾدﺪ    ﻋ ﺎھﺪ    ﯿﻟﻮﺗ ﻦ    ﻜﻤﯾ ﻲ    ﺘﻟا ﻚ    ﻠﺗو ﺔ    ﺳﺎﻘﻤﻟا  .   ا ﻞ    ﺣ ﻢ    ﺗ                  ةراﺮ    ﺤﻟا لﺎ    ﻘﺘﻧأ ﺔ    ﻟدﺎﻌﻣ، ﺔ    ﻗﺎﻄﻟا ﺔ    ﻟدﺎﻌﻣ،زﺪﻟﻮﻨﯾر ﺔ    ﻟدﺎﻌﻣ ﻦﻤ    ﻀﺘﺗ ﻲ    ﺘﻟاو عﻮ    ﺿﻮﻤﻠﻟ ﺔ    ﻤﻛﺎﺤﻟا تﻻدﺎ    ﻌﻤﻟ
ﺎﺑ ﺬﺧﺄﺗ ﻲﺘﻟا ﺔﺟوﺰﻠﻟا ﺔﻟدﺎﻌﻣو،ﻞﯿﺻﻮﺘﻟ               ﻨﻣ ﺔ  ﯾدﺪﻋ ﺔ  ﻘﯾﺮﻃ ماﺪﺨﺘ  ﺳﺎﺑ ﺎ  ﯿﻧا ،ةراﺮ  ﺤﻟا تﺎ  ﺟرد ﻰﻠﻋ ﺔﺟوﺰﻠﻟا دﺎﻤﺘﻋا رﺎﺒﺘﻋﻻا ﺮﻈﻨﺑ    ﺔﺒ  ﺳﺎ )       ةدﺪ  ﺤﻤﻟا تﺎ  ﻗوﺮﻔﻟا ﺔ  ﻘﯾﺮﻃ  (
ذو ﻟا تﺎﻌﯾزﻮﺗ ﻰﻠﻋ لﻮﺼﺤﻠﻟ ﻚﻟ               يﺪ  ﻌﻘﻤﻟا ﺪﻨ  ﺴﻤﻠﻟ ﺖ  ﯾﺰﻟا ﺔ  ﻘﺒﻃ لﻼ  ﺧ ةراﺮ  ﺤﻟا تﺎ  ﺟردو ﻂﻐﻀ .     ﻮ  ﺼﺤﻟا ﻢ  ﺗ       ذ حﻮﻄ  ﺴﻟ تﻻدﺎ  ﻌﻤﻟا ﻰ  ﻠﻋ ل        ﻲ  ﻓ ﺔ  ﻠﺛﺎﻤﺘﻣ ﺔﻧﻮ  ﺸﺧ تا
ﺗﻻا ﻊﯿﻤﺟ ذ ىﺮﺧاو تﺎھﺎﺠ ھﺎﺠﺗا تﺎﻔﺻاﻮﻣ تا ﺔﯿ  .           ﺬ  ﮭﻟ نﺎ  ﯾﺮﺠﻟا تﻼﻣﺎ  ﻌﻣ دﺎ  ﺠﯾا ﻢ  ﺗ           تﻼﻣﺎ  ﻌﻤﻟا ﺔ  ﻟﻻﺪﺑ ﺔ  ﯿﺒﯾﺮﺠﺗ تﺎ  ﻗﻼﻌﻛ حﻮﻄ  ﺴﻟا ه   (h/σ)    و        فﺮ  ﻌﺗ ﻲ  ﺘﻟاو
ﻮﻄﻟا ﺔﻗﻼﻋ ﺔﺒﺴﻧ ﺎﮭﻧﺎﺑ  ﻲھﺎﺠﺗﺄﺑ ل ) x,y  .( ﺼﺤﺘﺴﻤﻟا ﺞﺋﺎﺘﻨﻟا تﺮﮭﻇأ ﺬھ لﻼﺧ ﺔﻠ            ضﺎ  ﻔﺨﻧاو ﻢ  ﻈﻋﻻا ﻂﻐ  ﻀﻟا ﺔ  ﻤﯿﻗ ةدﺎ  ﯾزو لﺎﻤﺣﻼﻟ ﺪﻨﺴﻤﻟا ﻞﻤﺤﺗ ﻲﻓ ةدﺎﯾز ﻞﻤﻌﻟا ا
    ﻟا ﻰ  ﺼﻗﻻا ةراﺮ  ﺤﻟا ﺔﺟرد ﺔﻤﯿﻗ ﻲﻓ             ذ حﻮﻄ  ﺴﻟا ﺔ  ﻟﺎﺣ ﻲ  ﻓ ﺖ  ﯾﺰﻟا ﺎ  ﮭﻐﻠﺒﯾ ﻲ  ﺘ     ﺔ  ﺘﺑﺎﺜﻟا ﺔﻧﻮ  ﺸﺨﻟا تا ) stationary surface roughness  (          ﻲ  ﺘﻟا ﺪﻧﺎ  ﺴﻤﻟا ﻲ  ﻨﻌﺗ ﻲ  ﺘﻟاو
ﺎﻤﻋﺎﻧ رﻮﺤﻤﻟا ﺢﻄﺳو ﺎﻨﺸﺧ ﺪﻨﺴﻤﻠﻟ ﻲﻠﺧاﺪﻟا ﺢﻄﺴﻟا ﺎﮭﯿﻓ نﻮﻜﯾ .   
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